INTRODUCTION {#sec1-1}
============

This paper describes work presented at the Nordic Symposium on Digital Pathology 2014, Linköping, Sweden. The manual quantification of tissue types within regions of interest (ROI) on pathological slides is laborious and prone to interobserver and intraobserver variation. Current quantification methods (scoring) rely on experienced pathologists to make informed estimations of the proportions of tissue, either on a whole slide or within a given ROI. These estimations are subjective and require broad category bins in order to maintain inter and intra scorer consistency (typically three to four bins). Virtual slide viewing software solutions often provide inbuilt tools for drawing boundaries around tissue types, or counting cells with mouse clicks. Although applying these techniques to gigapixel resolution images is possible, due to the sheer number of cells per image, the application of these techniques is not practical. Random sampling provides a feasible alternative to manual whole slide quantification but is prone to biases when choosing areas for sampling. Systematic random sampling (SRS) allows accurate, unbiased estimation of the proportion of classes within a given ROI, when using the appropriate number of measurements. Traditionally, SRS involves placing a fixed grid (usually on an optical graticule) at a random seed point on a slide and counting objects under the points on the grid.\[[@ref1]\] The efficacy of the SRS technique fundamentally relies on selecting an appropriate density of the sampling points within the grid. The density of the grid should be based on the estimation of the relative proportions of tissue within the area being analyzed (low vs. high frequency), as well as the distribution of those proportions (sparsely vs. densely distributed).\[[@ref2]\]

With an appropriate number of samples, the true frequency of objects in the whole tissue can be estimated effectively from the sampled frequency using the grid,\[[@ref3][@ref4]\] which ensures higher reproducibility and consistency in scoring. However, SRS is still laborious, requiring the user to make hundreds of measurements using a conventional microscope and an optical graticule. Errors are easily made, and it is difficult to pause and recommence work.

METHODS {#sec1-2}
=======

RandomSpot is a web-based system that enables pathologists to apply SRS to their own tissue samples, using digital slides. Digital slides may be annotated using specialist viewing software, which provides drawing tools for measuring distances and areas, or delineating boundaries of tissue in order to highlight ROIs, such as epithelial cancer cells.

The system uses HTML5, JQuery and PHP, with a MySQL database, and MATLAB compiled executable programs used for background data processing. As a result, the system is both platform and browser independent. RandomSpot is primarily modeled on current pathologist workflow, which has been simplified to identify two separate tasks (use cases):

Use case one: Creating an equidistant set of spatial co-ordinates, within a given region/several ROI (for SRS)Use case two: Collecting pathologist-labeled SRS points (after SRS points have been scored) as expert classified coordinates.

Use case one utilizes HTML5 and JQuery to create a simple, user-friendly interface for uploading XML ROI. ROI can be rectangular, elliptical or polygonal \[[Figure 1](#F1){ref-type="fig"}\]. Once uploaded, the RandomSpot algorithm places equidistant, systematic, randomly distributed spots within the ROIs.

![Examples of hand drawn annotation types, drawn on the same digital slide-rectangular, elliptical and polygonal](JPI-6-8-g001){#F1}

The user can create their own ROIs by drawing around desired areas in their virtual slide viewing software, and export the delineations as annotation(s), stored in one or many files, in XML format. Users can then upload a single XML file containing one or more ROI, or multiple XML files contained within a zip archive, for batch processing. Once uploaded, the number of spots within the ROI can then be set, and the tolerance with which that number may be increased or decreased by, as a percentage. It should be noted that prior to use, calculations must be made in order to obtain the appropriate sample number for the given area of the ROI provided. The number of spots required will rely on the expected frequency of the tissue type being measured. By default, the system sets 300 as the target number of spots, as this is optimal for minimizing the coefficient of variation for a target frequency of 50% (i.e. a normal two class system).

The user may also customize the viewing settings for each spot, setting the default zoom level (at which each spot is viewed), the annotation type and the size of the annotation.

Spots are created using a MATLAB compiled executable program, which initially generates a grid with an arbitrary number of spots, with a random seed to initiate the first spot.\[[@ref5]\] Spots are spaced equidistantly using a hexagonal mesh, which is iteratively increased or decreased in size until the number of spots within the ROI matches the number chosen by the user, within the percentage tolerance specified. [Figure 2](#F2){ref-type="fig"} shows the ROI illustrated in [Figure 3](#F3){ref-type="fig"}, overlaying a hexagonal mesh grid. The number of hexagons within the ROI (colored green) is 373, which falls within the tolerance limits of the target number of spots set in [Figure 4](#F4){ref-type="fig"} (400 ± 15%). Decreasing the tolerance level results in more iterations being required until the desired mesh is created.

![(a) Example of the hexagonal grid applied to the given regions of interest, (b) and a graph of the iterations required in order to create the correct sized grid](JPI-6-8-g002){#F2}

![Example of a virtual slide (a) with a hand annotated polygonal regions of interest (ROI) delineating a tumor boundary. (b) c to f show the resultant spots added to the ROI by RandomSpot, at various zoom levels (from 2.5× to 40×)](JPI-6-8-g003){#F3}

![The spot generation screen, requiring users to submit XML files, the number of spots to add, the percentage tolerance and the viewing settings](JPI-6-8-g004){#F4}

If processing individual XML files, the system will return the annotations as a single xml file ready for immediate download. When processing a batch of XML files, submitted using a zip archive, processing is done as a background process, and a zip file containing the resulting XML files will be e-mailed to the user upon completion. Once the user obtains the XML annotations containing the spots, they can then open the annotations in their virtual slide viewing software. From there, they are able to classify each spot individually, in order to get an unbiased sample of the proportions of tissue within the ROI.

Use case two focuses on retaining the value of the hand annotated data, by encouraging users to submit their completed XML files after they have used the data for their own research. As with creating spots, XML files can be uploaded individually or as a zip archive. These files are processed, and each spot is added to the RandomSpot database -- RandomSpotDB. These hand labeled locations are processed and stored as text classifications, paired with the URL strings containing x and y co-ordinates of the spot that has been scored, as well as the location of the virtual slide which the spot relates to. In addition to uploading XML files, users are encouraged to submit a scoring key, which matches the shortcut keys they used whilst scoring, to the actual semantic text classifications that are used when analyzing the data. Also, to add further value to RandomSpotDB, each time a user submits their XML files, they are asked which type of tissue it is that they have scored. Having an extensive set of human scored images, which is searchable by tissue type is extremely useful for training computer vision algorithms. Currently, a separate web-based system is being developed in order to allow researchers access to this database.

A simple evaluation of the performance of the RandomSpot algorithm was undertaken in order to identify processing limitations that pathologists may encounter. Performance of the algorithm was assessed on three types of annotations: Rectangular, elliptical and polygonal. Each annotation was drawn with the same area (85,359,118 μ^2^) in order to preserve maximum comparability of performance between types. For each annotation type, two separate sets of processing were carried out, manipulating the number of target spots (nT) and the percentage tolerance (pT) as the independent variables respectively. The effects of both variables on the time taken to process were observed separately. For evaluating the effect of nT, the algorithm was run using values from 1 to 1000 in intervals of 100, with a fixed pT of (the default value) 15%. The algorithm was repeated for each nT observed (*n* = 20) in order to account for the random initiation of the hexagonal grid. The effect of pT was evaluated using values from 1 to 5 in intervals of 5, with a fixed pT of 300. Again, the algorithm was repeated for each pT observed (*n* = 20).

RESULTS {#sec1-3}
=======

RandomSpot has been used extensively at Leeds for the past 6 years\[[@ref6]\] and is continually being improved iteratively, in response to user feedback. Since the introduction of this sampling system, research at Leeds has shown that the proportion of tumor to stroma can predict the response to therapy in colorectal cancer patients,\[[@ref7]\] and that the level of tumor cell density is a prognostic indicator of response to preoperative therapy.\[[@ref8]\] It has also been used in studies that have successfully identified the prognostic significance of the ratio of tumor to stroma in breast\[[@ref9]\] and upper gastro-intestinal\[[@ref10]\] cancers. Currently, the system has been adopted by over 40 active users, which have generated over 21,000 sets of spots, with an estimated total of 6.3 million classifications (expecting 300 spots per ROI, and only one ROI per set). These sets of data are being used extensively by researchers, research students and clinical trials.\[[@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17]\] After publication, the clinically valuable data sets have been reused and collected in RandomSpotDB, which currently contains over 200,000 human labeled spot locations.

[Figure 5](#F5){ref-type="fig"} illustrates that nT has a direct effect on the time taken to process the ROI for all three types, which was confirmed by a Spearman\'s rank order correlation coefficient test (i.e. Spearman\'s rho). Tests revealed a statistically significant positive correlation between polygon (*r* = 0.9911, *P* \< 0.001), square (*r* = 0.9945, *P* \< 0.001) and circle (*r* = 0.9945, *P* \< 0.001) ROIs, and nT. Effects of pT were found to be minimal above 15%, and Spearman\'s correlation tests revealed a moderate negative correlation between polygon (*r* = −0.6829, *P* \< 0.001) and pT, a slight positive correlation between square ROI (*r* = 0.1505, *P* = 0.0256) and pT, and a slight negative correlation between circle (*r* = −0.2733, *P* \< 0.001) ROIs and pT.

![Boxplots of time taken to process three annotation types with varying numbers of target spots, and a fixed tolerance of 15%, showing a statistically significant positive correlation between polygon (*r* = 0.9911, *P* \< 0.001), square (*r* = 0.9945, *P* \< 0.001) and circle (*r* = 0.9945, *P* \< 0.001)](JPI-6-8-g005){#F5}

DISCUSSION {#sec1-4}
==========

The RandomSpot system provides a reproducible, objective and quantitative method of estimating tissue proportions within various types of ROIs on virtual slides. Digitally creating and storing randomly generated digitized grids for sampling of slides facilitates the inclusion of multiple grids per virtual slide, as well as allowing for grids of various shapes and sizes. The annotations can be reused by experimenters for a dual review or collaboration with remote sites, and the data can easily be exported into statistical software. The system itself has been designed for ease of use and minimal disruption to pathologist workflow. A simple performance evaluation was undertaken, which indicated that processing ROIs with target numbers of spots \> 1000 will quickly become computationally prohibitive.

Applying SRS to digital slides offers the pathologist the benefits associated with digital pathology, such as saving and recommencing work, automatic navigation between points and facilitated collaboration. In using the RandomSpot system, the pathologist can generate quantifiable data, which accurately represents the frequency of tissue classes within a given ROI (compared to subjective visual estimations). However, manually inspecting each spot is still time consuming task, with each spot taking an experienced pathologist an estimated 5 s (25 min/300 spot case). Also, manually inspecting and classifying each spot still suffers from subjectivity, with mean pathologist agreement of 89%.\[[@ref18]\] Automation of the spot counting task is highly desirable. The RandomSpotDB has huge potential for recycling clinical data that is no longer needed by investigators, and subsequently the reuse of spot counting data sets will facilitate the development and validation of computer vision algorithms.\[[@ref18]\]

RandomSpot is available at <http://www.virtualpathology.leeds.ac.uk/RandomSpot>

Available FREE in open access from: <http://www.jpathinformatics.org/text.asp?2015/6/1/8/151906>
